The diversity of the V3 loop tip motif sequences of HIV-1 subtype B was analyzed in patients from Botucatu (Brazil) and Montpellier (France). Overall, 37 tetrameric tip motifs were identified, 28 and 17 of them being recognized in Brazilian and French patients, respectively. The GPGR (P) motif was predominant in French but not in Brazilian patients (53.5% vs 31.0%), whereas the GWGR (W) motif was frequent in Brazilian patients (23.0%) and absent in French patients. Three tip motif groups were considered: P, W, and non-P non-W groups. The distribution of HIV-1 isolates into the three groups was significantly different between isolates from Botucatu and from Montpellier (P < 0.001). A higher proportion of CXCR4-using HIV-1 (X4 variants) was observed in the non-P non-W group as compared with the P group (37.5% vs 19.1%), and no X4 variant was identified in the W group (P < 0.001). The higher proportion of X4 variants in the non-P non-W group was essentially observed among the patients from Montpellier, who have been infected with HIV-1 for a longer period of time than those from Botucatu. Among patients from Montpellier, CD4+ cell counts were lower in patients belonging to the non-P non-W group than in those belonging to the P group (24 cells/µL vs 197 cells/µL; P = 0.005). Taken together, the results suggest that variability of the V3 loop tip motif may be related to HIV-1 coreceptor usage and to disease progression. However, as analyzed by a bioinformatic method, the substitution of the V3 loop tip motif of the subtype B consensus sequence with the different tip motifs identified in the present study was not sufficient to induce a change in HIV-1 coreceptor usage.
INTRODUCTION
The human immunodeficiency virus type 1 (HIV-1) displays a high genetic variability, particularly in the envelope gene (env) which encodes the glycoproteins gp120 and gp 41 that play a key role in virus entry into the target cells. The envelope glycoprotein gp120 consists of five variable regions (V1-V5) intercalated with five conserved regions (C1-C5). In HIV-1 subtype B, the third variable region (V3) is 35 amino acids long (6) and shows as consensus sequence *Corresponding Author. Mailing address: Laboratoire de Virologie, Hôpital Saint Eloi, 80 Avenue Augustin Fliche, 34295 Montpellier cedex 5, France.; Email: m-segondy@chu-montpellier.fr infected patients, preceding CD4+ cell decline and clinical worsening (1, 5, 20, 21) . It has been shown that SI/X4 viruses are more cytopathic in vitro, and replicate to higher levels than NSI/R5 viruses (15, 24) . Different coreceptor usage and switch from NSI to SI phenotype have been associated with amino acid substitutions in the V3 loop. On the basis of the V3 loop sequence, a bioinformatic tool, the position-specific scoring matrix (PSSM) was created to predict the viral phenotype (4, 18, 19) . This tool demonstrated a high sensitivity to identify X4 viruses in HIV-1 subtype B isolates (17) .
The aim of this study was to explore the variability of the tip motif in the V3 loop in HIV-1 subtype B strains obtained from HIV-1-infected patients in Brazil (Botucatu) and France (Montpellier), in relation with virological, immunological and clinical parameters.
MATERIALS AND METHODS

Patients
Subjects included in the study were 100 Brazilian and 86
French patients followed up in the university hospitals of Botucatu (São Paulo state, Brazil) and Montpellier (France), respectively. All these patients were infected with HIV-1 subtype B. Patients from Botucatu were HIV-1 infected patients who were tested for viral load and gave an informed consent to be included in the Viral Genetic Diversity Network (VGDN) project (http://www.lemb.icb.usp.br/vgdn/www).
Patients from Montpellier were patients for which the V3 loop was sequenced to determine the R5 or X4 coreceptor tropism; most of these patients had advanced HIV-1 infection and multiple resistance to antiviral drugs and were eligible for treatment with the CCR5 inhibitor maraviroc. The characteristics of the patients are presented in Table 1 . 
Data analysis
Differences among groups were compared using KruskalWallis test and chi-square tests for continuous and categorical variables, respectively. Two-tailed Fisher's exact test was used for two-by-two contingency tables. All statistical tests were done by Statgraphics Plus software version 5.1 (Manugistics, Rockville, MD, USA). P < 0.05 was considered to be significant.
RESULTS
V3 loop tip motif diversity
Overall, 37 tetrameric tip motifs were identified. As shown in Table 2 , the diversity in tip motif was higher in HIV- (Table 4) . Differences in viral load levels between the different tip motif groups were significant neither among patients from Botucatu nor among patients from Montpellier.
No difference in viral load levels was observed between patients infected with R5 or X4 variants (4.18 vs 4.16 log copies/mL; P = 0.81). (Table 3) . However a significant difference was observed among the patients from Montpellier, with lower CD4+ cell counts in the non-P non-W group as compared with the P group (Table 4) A subtype B variant (B-Br) with the GWGR tip motif has been identified in a high proportion of patients infected with HIV-1 subtype B in Brazil and this variant has been recognized as predominant in several studies (7, 23) . In the present study, the B-Br variant was identified in a lower proportion (23%) of subtype B-infected patients from Botucatu, but a similar proportion (20%) has been reported in a study conducted in the São Paulo area (8).
The tip motif represents a target for neutralizing antibodies (26) . Therefore, sequence variation in this motif may have an impact on virus infectivity and disease progression. A slower progression to AIDS has been observed in patients infected with the B-Br variant as compared with those infected with subtype B strains harbouring the GPGR tip motif (8, 12, 23) . It has been suggested that the difference observed in disease progression could be due to an avidity of the anti-V3 antibodies greater for the GWGR than for the GPGR motif (9) . In the present study however, patients from Botucatu infected with a B-Br variant did not present significant differences in CD4+ This population heterogeneity could introduce a bias, and thus caution must be taken in comparing the two patient groups.
However, the relationships between tip motif and biological or clinical parameters were analyzed within each patient group, and a relationship was found between the tip motif and the coreceptor tropism in both Brazilian and French patients.
Therefore, the results indicate that genetic diversity in the tip motif might be related to the capacity of HIV-1 to switch from R5 to X4 phenotype. Analysis of the HIV-1 strains from Botucatu indicates that, compared to group P viruses, those displaying the GWGR motif seem to be protected against switch to a X4 phenotype, whereas analysis of HIV-1 strains from Montpellier suggests that compared to group P viruses, those displaying a non-P non-W tip motif seem to be at higher risk for switching to a X4 phenotype.
In summary, diversity in the V3 loop tip motif of HIV-1 subtype B was higher in Brazilian than in French patients.
Genetic variability in this short motif might be related to viral pathogenicity and disease progression. Genetic diversity in the V3 loop tif motif and its possible clinical implication merit to be further investigated in the other HIV-1 subtypes and recombinant forms.
